almost no CO 2 , the country focused on the transportation sector. Spurred by an expert commission that recommended hydrogen fuels as the most promising way to convert its renewable energy into a fuel to power cars, the government formed Icelandic New Energy in 1997. Today 51% of the shares are owned by Icelandic sources, including power companies, the University of Iceland, and the government itself. The rest are held by international corporations Norsk Hydro, DaimlerChrysler, and Shell Hydrogen. With $4 million from the European Union and $5 million from its investors, the company bought three hydrogen-powered buses for the city bus fleet and built a fueling station to keep them running.
The fueling station is part of the country's busiest Shell gasoline station, clearly visible from the main road out of Reykjavik. It boldly proclaims to all passersby in English that hydrogen is "the ultimate fuel" and "We're making the fuel of the future." The hydrogen is produced overnight using electricity from the city's power grid to split water into hydrogen and oxygen. The hydrogen is then stored as a compressed gas. It takes just over 6 minutes to fill a bus with enough fuel to run a full day's journey. The buses are built from standard bodies outfitted with rooftop hydrogen tanks that make them slightly taller than their diesel cousins. "The first cars were horse carriages retrofitted with engines. We're seeing the same process here," Sigfusson says. Piped to the fuel cells, the hydrogen combines with oxygen from the air and produces electricity, which drives a motor behind the rear wheels.
As the buses tour the city, their exhaust pipes emit trails of steam strikingly reminiscent of those that waft from the hot springs in the mountains outside the city. The exhaust is more visible than that from other cars, Sigfusson says, because the fuel cell runs at about 70°C and so the steam is close to the saturation point. But it is almost pure water, he says, so clean "you can drink it." And because the buses are electric, they are significantly quieter than diesel buses.
The pilot project has not been troublefree. On a recent Friday, for example, two of the three buses were out of service for repairs. The buses are serviced in a garage equipped with special vents that remove any highly explosive hydrogen that might escape while a bus is being repaired. On cold winter nights the vehicles must be kept warm in specially designed bays, lest the water vapor left in the system freeze and damage the fuel cells. "They need to be kept like stallions in their stalls," says Sigfusson, who notes that newer generations of fuel cells are drier and may not need such coddling. But despite the hiccups, Sigfusson says the project so far has been encouraging. In 9 months, the buses have driven a total of 40,000 kilometers, while surveys show that public support for a hydrogen economy has remained at a surprising 93%. The next step is a test fleet of passenger cars, Sigfusson says. Icelandic New Energy is negotiating to buy more than a dozen hydrogen-powered cars for corporate or government employees, he says.
Economic leaders are also optimistic. "I am not a believer that we will have a hydrogen economy tomorrow," says Fri∂rik Sophusson, a former finance minister and now managing director of the governmentowned National Power Co., a shareholder in Icelandic New Energy. But he believes the investment will pay long-term dividendsnot least to his company, which will supply electricity needed to produce the gas. "In 20 years, I believe we will have vehicles running on hydrogen efficiently generated from renewable sources," Sophusson says. "We are going to produce hydrogen in a clean way, and if the project takes off, we will be in business."
Although Iceland may harbor the most 
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All aboard. Fuel cell buses and a planned car fleet are the latest entries in Iceland's marathon push for total energy independence.
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ambitious vision of a fossil fuel-free future, other countries without its natural advantages in renewable energy are also experimenting with hydrogen-based technologies. Sigfusson thinks the gas's biggest potential could lie in developing countries that have not yet committed themselves to fossil fuels (see sidebar), but industrialized nations are also pushing hard. In a project partly funded by the European Union (E.U.), nine other European cities now have small fleets of buses-similar to the ones in Reykjavik-plying regular routes. The E.U. imports 50% of its oil, and that figure is expected to rise to 70% over the next 20 to 30 years. In January, European Commission President Romano Prodi pledged to create "a fully integrated hydrogen economy, based on renewable energy sources, by the middle of the century." Realizing that bold ambition is now the job of the Hydrogen and Fuel Cell Technology Platform, an E.U. body. Its advisory panel of 35 prominent industry, research, and civic leaders will coordinate efforts in academia and industry at both the national and European levels and will draw up a research plan and deployment strategy. Planned demonstration projects include a fossil fuel power plant that will produce electricity and hydrogen on an industrial scale while separating and storing the CO 2 it produces and a "hydrogen village" where new technologies and hydrogen infrastructure can be tested. In all, the E.U.'s Framework research program intends to spend $300 million on hydrogen and fuel cell research during the 5-year period from 2002 to 2006. Political and public interest in a hydrogen economy "is like a snowball growing and growing," says Joaquín Martín Bernejo, the E.U. official responsible for research into hydrogen production and distribution.
As Iceland (not an E.U. member) treads that same path on a more modest scale, its biggest hurdle remains the conversion of its economically vital shipping fleet, which uses half of the country's imported oil. Boats pose tougher technical problems than city buses do. Whereas a bus can run its daily route on only 40 kilograms of hydrogen, Sigfusson says, a small trawler with a 500-kilowatt engine must carry a ton of the gas to spend 4 to 5 days at sea. One way to store enough fuel, he says, might be to sequester the gas in hydrogen-absorbing compounds called metal hydrides. The compound could even serve as ballast for the boat instead of the standard concrete keel ballast. Although Iceland's leaders are eager for the hydrogen economy to take off, Sigfusson acknowledges that it will have to appeal directly to Iceland's drivers and fishers. Generous tax breaks to importers of hydrogen vehicles will help, he says, if hydrogen can match the price of heavily taxed fossil fuels: "People will be willing to pay a little more [for a hydrogen vehicle], but they're not willing to pay a lot more. The market has to force down the price of an installed kilowatt." According to Sigfusson, that is already happening, especially as research investments are ramped up: "There has been a paradigm shift. We had had decades of coffee-room discussions that never led anywhere." Now the buses with their chemistry lesson, he says, are pointing the way to the future.
-GRETCHEN VOGEL
With reporting by Daniel Clery.
Fill 'er up. . Reykjavik's lone hydrogen station, which manufactures the fuel on site by splitting water molecules, can fill a bus with pressurized gas in 6 minutes.
Can the Developing World Skip Petroleum?
If technologies for hydrogen fuel take off, one of the biggest winners could be the developing world. Just as cell phones in poor countries have made land lines obsolete before they were installed, hydrogen from renewable sources-in an ideal world-could enable developing countries to leap over the developed world to energy independence. "The opportunity is there for them to become leaders in this area," says Thorsteinn Sigfusson of the University of Iceland, one of the leaders of the International Partnership for a Hydrogen Economy (IPHE), a cooperative effort of 15 countries, including the United States, Iceland, India, China, and Brazil, founded last year to advance hydrogen research and technology development.
With their growing influence in global manufacturing, their technical expertise, and their low labor costs, Sigfusson says, countries such as China and India could play extremely important roles in developing more efficient solar or biotech sources of hydrogen-as well as vehicles and power systems that use the fuel. "They have the opportunity to take a leap into the hydrogen economy without all the troubles of going through combustion and liquid fuel," he says. The impact would be huge. The IPHE members already encompass 85% of the world's population, he notes.
The current steps are small. For example, a joint U.S.-Indian project is working to build a hydrogen-powered three-wheel test vehicle. The minicar, designed for crowded urban streets, needs only one-tenth as much storage space as a standard passenger car. India's largest auto manufacturer, Mahindra and Mahindra, has shipped two of its popular gasoline-powered three-wheelers (currently a huge source of urban air pollution), to the Michigan-based company Energy Conversion Devices (ECD). Engineers at ECD are working to convert the engine to run on hydrogen stored in a metal hydride. One model will return to India for testing, and one will remain in the United States. The small project "is just the beginning," says a U.S. Department of Energy official. "But the point of bringing in these countries is that they are huge energy consumers. They simply have to be part of the partnership, especially as we start to use the technologies." Ideally, the developing world will be able to harness the solar energy plentiful in the tropics to power hydrogen systems, Sigfusson says. "The most important renewable will be the sun," he says. "Mankind started as a solar civilization. We spent 200 years flirting with fossil fuels, but I believe we'll soon go back to being a solar civilization." -G.V.
Different future.
Countries not yet committed to fossil fuels might go straight to hydrogen.
